We describe a genetic system in which transformation of Streptococcus pneumoniae and Streptococcus sanguis was used to insert recombinant DNA into the conjugative chromosomal element Qi(cat tetM) 6001 (fQ6001). The element containing the recombinant DNA was then transferred by conjugation to the chromosome of transformable and nontransformable streptococci. When Escherichia coli plasmid pDP36 was used as donor in transformation, it was capable of inserting 5.9 kilobases of heterologous DNA into the chromosome of competent streptococcal strains carrying Q16001; the transformants were scored for erythromycin resistance. Genetic analysis showed that in a fraction of the erythromycin-resistant transformants the integration via flanking homology of the heterologous DNA caused inactivation of the tetM gene of Q6001. By analyzing the stability of the resistance markers, we found that stable integration of heterologous DNA was achieved only in the erythromycin-resistant, tetracycline-sensitive transformants. It was possible to detect conjugal transfer of the heterologous sequences from stable transformants to strains of S. pneumoniae, S. sanguis, Streptococcus pyogenes, and Streptococcus faecalis. The fQ6001-pDP36 host-vector system opens new possibilities for gene transfer in streptococci. By this method cloned streptococcal DNA (possibly mutagenized in vitro) can be returned to the original host, greatly facilitating complementation tests and fine physiological studies.
Recombinant DNA techniques allow cloning of genes from a variety of organisms. One of the major problems of the cloning approach in biological research is how to return the cloned DNA to the original host, where gene functions can be better studied. Suitable gene transfer methods need to be developed, which will allow the study of a cloned gene (possibly mutagenized in vitro) under "physiological" conditions in the original host.
Plasmid transfer techniques were developed (15) and used (13) to return cloned streptococcal DNA to its original host. However problems may arise when trying to perform complementation tests or fine physiological studies with genes carried on plasmids rather than on the bacterial chromosome. These problems are mainly due to plasmid instability and to the fact that plasmid copy number can affect the physiology of gene expression, adding to the analysis of an already rather complex situation a variable that is sometimes difficult to evaluate.
In this paper we describe a system that allows stable integration of recombinant DNA molecules into chromosomes of transformable and nontransformable streptococci. By transformation, recombinant DNA is first inserted into a streptococcal conjugative element that is already integrated into the chromosome of a competent strain of Streptococcus pneumoniae or Streptococcus sanguis. The recombinant DNA is then transferred by conjugation to the chromosome of other streptococci. This approach is based on the conjugation properties of certain chromosomal elements found in clinical isolates of streptococci, some of which have been defined as "conjugative transposons" (1, 2, 4) , and on the possibility of achieving stable and efficient integration of heterologous DNA during transformation (10) .
Bacterial strains are listed in Table 1 . Pneumococcal strains were grown in CAT medium (9) , whereas brain heart infusion (Difco Laboratories, Detroit, Mich.) was used for all other bacteria. Agar (1.5%) was added to either broth to obtain solid medium. All bacterial cultures were incubated at 370C. Insertion vector pDP36. pDP36, a 19.3-kilobase (kb) Escherichia coli plasmid, was used to insert 5.9 kb of heterologous DNA into the chromosome of a streptococcal host carrying the conjugative chromosomal element fQ6001 (Fig.  1) . pDP36 was obtained during the cloning and restriction mapping of f16001; it was described by Vijayakumar and colleagues (20, 21) . In pDP36 the 14.4-kb KpnI fragment of f16001 containing the tetM gene is interrupted by pVA891 (7) and has a deletion of 1.1 kb where the pVA891 heterologous sequences are inserted (Fig. 1) . A key feature of our system is that this deletion inactivates the tetracycline resistance (Tcr) marker (20, 21) . pVA891 sequences provide pDP36 with an origin of replication, a chloramphenicol resistance (Cmr) marker that is expressed in E. coli, and an erythromycin resistance (Emr) marker that can be scored for in streptococci. The pVA891 sequences (heterologous DNA) and the site of the 1.1-kb deletion are depicted in Fig. 1 , together with a restriction map of pDP36 (Pozzi and Guild, unpublished results). In pDP36 sequences of f16001 are on both sides of pVA891 (Fig. 1) ; they provide the flanking homology that allows stable integration of the heterologous DNA (pVA891) into the chromosome during transformation of a competent streptococcus containing the conjugative element f16001, according to the model discussed previously (10) .
Chromosomal integration during transformation. pDP36 purified by CsCl-ethidium bromide density gradient ultracentrifugation was used to transform S. pneumoniae DP1322 and S. sanguis GP201, both of which contain the chromosomal element f16001. The plasmid preparation obtained from strain GP307 (E. coli C600, RecA+) contained different supercoiled forms of pDP36 in a ratio of approximately two whereas the Tcr transformants showed loss of either resistance marker (the Ems Tcs phenotype was never found). The chromosomal element Q6001 was also transferred by conjugation from DP1322 to GP204, a spontaneous streptomycin-resistant mutant of S. sanguis Challis strain V288 (8) , to yield GP201 (Table 2) . When the same preparation of pDP36 was used to transform S. sanguis GP201, 0.01 ,ug of DNA per ml of competent cells yielded 8.8 x 104 CFU of Emr transformants per ml. In this case the resistance to tetracycline was lost by 76% of the 300 Emr transformants analyzed. As observed for S. pneumoniae. Emr Tcs transformants were stable, whereas Emr Tcr transformants lost either marker when grown without selection.
The presence of dimeric forms of pDP36 in the preparation used for transformation can account for the occurrence of the Emr Tcr doubly resistant transformants, whereas the instability of the resistance markers in such transformants can be explained with the formation of direct repeats during the integration of dimers as described previously (10, 18, 19) . Two hypothesis that can explain why the same preparation of pDP36 yields a higher fraction of Emr Tc' transformants are currently under investigation. There may be a higher frequency of recombination between direct repeats in S. sanguis, leading to an increased instability of the Tcr marker; or in S. sanguis the processing of incoming DNA during transformation may be such that shorter strands end up recombining with the chromosome. It should be pointed out that, for the purpose of this work, the interesting feature of this system is that the inactivation of the Tcr marker means stable integration of heterologous DNA into the conjugative chromosomal element.
Conjugation experiments. The chromosomal element Q16001 containing the heterologous DNA integrated into the tetM gene was transferred by conjugation to transformable and nontransformable streptococci ( Table 2 ). S. pneumoniae 
